Objective To study the incidence, patient and event characteristics, and outcome of rapid response system (RRS) activation on an in-hospital haemodialysis unit. Design Retrospective review of all RRS events on an in-hospital 10-bed haemodialysis unit over a 64-month period
¼4.12, df¼1, p¼0.042). Surprisingly, only 71% of the patients who had an RRS event had the event as dialysis was occuring. Twenty-four patients (22%) met one or more RRS activation criteria upon first vital sign check in the dialysis unit; RRS was activated on 12 (11%) of these patients before dialysis was started. Nineteen (18%) additional patients had an RRS event after their dialysis session had ended, while awaiting transport back to their unit. Conclusions From our findings, it can be suggested that critical events often occur before and after dialysis treatment, during or awaiting transport. Careful assessment of these high-risk patients before and after transport, to and from the dialysis unit may be warranted.
Compared with the general inpatient population, patients with renal failure requiring haemodialysis have a higher morbidity and mortality. 1 Dialysis patients consume more critical care resources, whether in the form of intensive care unit (ICU) stay or in the form of rapid response system (RRS) activation for urgent unmet critical care needs. Some other aspects of the inpatient care of dialysis patients are unique. For example, unlike other floor patients, in-hospital haemodialysis patients must travel to and from specialised haemodialysis units, thereby distancing them from active care givers and augmenting potential problems with handoffs.
The analysis of RRS activation in the general inpatient population has been successfully applied to improve patient safety and outcomes, contributing to the widespread adoption of this safety initiative.
2e14 However, RRS activation in dialysis patients has not been studied before, and we hypothesised that such an analysis might reveal unique systemic problems. A preliminary review of RRS activation at our 10-bed in-hospital haemodialysis unit was conducted as part of routine review of all RRS activations in the hospital. We expected haemodynamic and electrolyte changes occurring during the process of dialysis itself to account for a large majority of RRS activations; however, the pilot data revealed that respiratory abnormality and systems issues were fairly common. We therefore performed a retrospective review of RRS activations at our 10-bed in-hospital haemodialysis unit over a prolonged (64-month) period to study the incidence, causes, safety issue characteristics and outcome of all RRS activations. The quality improvement and patient safety problems encountered are identified, and possible approaches to overcome them are discussed.
METHODS

Hospital setting
The University of Pittsburgh Medical Center Presbyterian Hospital is an adult, 730-bed (including 160 ICU beds with automated electronic cardiac rhythm/haemodynamic monitoring and a dedicated 1:2 nurse-to-patient ratio, 330 beds with electronic cardiac rhythm/pulse monitoring and 1:4 nurse-topatient ratio, and 240 beds with no automated electronic rhythm/pulse monitoring and a 1:6 nurse-to-patient ratio) university-based tertiary care hospital located in Pittsburgh, Pennsylvania, USA. At our institution, there is a well-established RRS that is composed of four components: (1) an afferent component, which consists of event detection and response triggering; (2) an efferent component, which involves crisis response in the form of a medical emergency team; (3) a patient safety and process improvement component; and (4) an administrative component that implements and sustains the other three components. 15 Dialysis personnel, like anyone else in the hospital, have immediate access to a medical emergency team by activating the RRS. As previously described, our medical emergency team brings a team of physician and non-physician critical care professionals to the bedside to provide expert care in a crisis situation and to appropriately triage the patients thereafter. 16 17 The medical emergency team is led by a critical care medicine faculty member and is available 24 h a day, 7 days a week. The responding team is the same as cardiac arrest team in composition and resources, but criteria for call type (cardiac arrest or condition 'A' call, and other crises or condition 'C' call) vary, and have been reported elsewhere.
Haemodialysis inpatients comprise two groups of patients: (1) those dialysed at the bedside (ICU patients and some floor patients in whom transportation to the dialysis unit is logistically difficult or is inadvisable given the critical nature of their illness) and (2) those transported to a specialised inpatient dialysis unit that has nursing and physician staff who are available 24 h a day, 7 days a week. Our analysis was focused on patients being dialysed on our 10-bed specialised dialysis unit and excluded patients treated in the ICU or on the floor.
Data collection
The hospital 'code' database was used to identify all RRS activations over a 64-month period (November 2001 to February 2007). The code database is a log of all cardiopulmonary arrest and patient crisis calls. Each time the RRS is activated, information about the patient, RRS call type (arrest or crisis event), date, time and location is recorded by a hospital operator. This information is entered into a database for record-keeping and quality improvement purposes.
Our Hospital Patient Safety Committee routinely reviews all cardiopulmonary arrest events, and a large convenience sample of RRS crisis calls. For the purpose of this study, electronic patient medical records of all 107 patients who coded on the dialysis unit were reviewed to extract information about patient/event characteristics and outcomes. Each event was presented as a separate case to the code review committee. Discussions were focused on patient safety issues and event/ hospitalisation outcomes. Our aim was to better understand the processes of care so that appropriate improvements could be made to improve outcomes. All relevant patient data were entered into an Excel database (Microsoft Corporation, 2008; Microsoft, Redmond, Washington, USA).
Statistical analysis
Data were analysed using SPSS V.14 statistical software (SPSS Corporation, 2006; SPSS, Chicago, Illinois, USA). All reported p values are two-tailed and those <0.05 were considered significant. This project was approved by the Total Quality Council, which typically grants approval for Quality Improvement projects at our institution.
RESULTS
Eight thousand nine hundred and twenty-eight patients were dialysed 28 886 times in the dialysis unit during the 64-month period (average of 3.2 dialysis sessions per patient). During the same period, 107 patients had 118 RRS events (12 events per 1000 patients dialysed and 4.1 events per 1000 haemodialysis sessions). Four of these patients suffered a cardiopulmonary arrest (0.14 arrests per 1000 haemodialysis sessions), three of whom died within 24 h and one survived to hospital discharge. For a detailed review of patient and event characteristics, only the index event (N¼107) was considered for analysis. In-hospital mortality for the dialysis subgroup (22%) was nearly six times that of the general inpatient population (3.5%) at our hospital over the period. Relevant demographic and outcome characteristics for these patients are listed in table 1. Table 2 lists the primary reasons for RRS activation among the 107 patients. The most common reason for RRS activation was respiratory distress and/or hypoxaemia (27%).
Other relevant characteristics of these patients are shown in table 3. Twenty-four patients arrived to the haemodialysis unit meeting one or more criteria for RRS activation upon the first vital sign check. In 12 of these patients, RRS was triggered before haemodialysis was begun. Another 19 patients had their RRS activation after the dialysis session had ended and while they were awaiting transportation back to their inpatient unit (table 3) .
Analysis of demographic and event variables with the outcome variables revealed that among the 107 patients with RRS activation, older patients were more likely to die during the hospitalisation (33% in-hospital mortality for patients aged $65 years vs 14% for patients aged below 65 years; c 2 ¼5.66, df¼1, p¼0.017), although both groups had a high likelihood of death as compared with the general hospital population (3.5%). Those who had an RRS activation because of a respiratory abnormality (hypoxaemia and/or respiratory distress) were also more likely to die during hospitalisation compared with haemodialysis patients with neurological, cardiovascular or other symptoms triggering an RRS activation (37% mortality for respiratory events vs 18% for all other events; c 2 ¼4.12, df¼1, p¼0.042).
DISCUSSION
To our knowledge, this is the first study to date to report on RRS events and outcomes in an in-hospital dialysis unit. We found that dialysis patients had a high RRS activation rate and a nearly six times higher mortality rate than the general in-hospital patient population during the same period. The mortality rate is similar to that reported in the dialysis literature (220.5 per 1000 patient years at risk). 1 Our cardiopulmonary arrest rate was 0.14 per 1000 haemodialysis sessions. This rate is double that reported in the dialysis literature, 18 although our absolute incidence of arrests (n¼4) is too small to reach any definitive conclusions.
Respiratory distress and hypoxaemia were the most common reasons for RRS activation, and we found that they, along with older age, predicted higher short-term mortality. Older age is a known risk factor for mortality in dialysis patients. 18 Higher mortality in patients with an RRS event due to a respiratory abnormality may be attributable to severe underlying intrinsic lung disease or infectious complications such as pneumonia. Researchers from other settings have also found significant respiratory abnormalities to be surrogate markers of poor outcomes, although these studies were not focused on dialysis patients. 19e21 Wang et al reported that nearly 17% of patients with acute respiratory compromise developed a cardiopulmonary arrest. Survival to discharge was lower for cardiopulmonary arrest patients (14.3%) than non-cardiopulmonary arrest patients (58.4%), which we have also previously reported in our population. 22 Quach et al 20 have reported 38% mortality in patients with RRS activation due to respiratory distress. Cretikos et al 21 have found that abnormal respiratory rate might be the vital sign with the best combination of sensitivity and specificity when it comes to predicting a major adverse event in the near future of a floor patient. Future studies can shed light on the aetiopathophysiological basis of high mortality with respiratory complications in dialysis patients.
Analyses of processes of care and patient safety issues revealed suboptimal triage to and from the dialysis unit as an area worthy of a patient safety intervention. Twenty-four patients were found to meet one or more RRS activation criteria on the first vital sign check upon arrival at the dialysis unit. In half of these patients, the RRS was activated before dialysis was ever begun because they needed immediate critical care attention at the bedside. The other 12 patients were sick enough that they met RRS activation criteria but were treated using available resources and personnel only to require an RRS activation later. These 24 patients raise an important patient safety concern because they deteriorated before leaving their inpatient unit, in transport or on arrival to the haemodialysis unit. To improve safety and help understand the causes of 'predialysis deterioration', a vital sign check immediately before leaving for the dialysis unit might trigger a needed response sooner and help identify how deteriorations evolve. Similarly, the 19 patients who coded after their dialysis session had ended (some of whom had been waiting for more than 1 h) could benefit from more prompt transportation and closer attention to their vital signs before they deteriorate enough to necessitate RRS activation.
Thus, our data suggest that dialysis patients may benefit from closer monitoring and care in the hours before, during and after their dialysis session. While automatic vital sign monitoring on the dialysis beds helps track physiological parameters and early detection of clinical deterioration, closer attention to physiological parameters and critical care needs in the hours before and after dialysis sessions (including during their intra-hospital road trip) may help prevent adverse outcomes in a significant percentage of haemodialysis patients that decompensate before or after their treatment on the unit.
Our study has several limitations. We report RRS dialysis events and outcomes at a single institution. It is possible that other tertiary care hospitals might have different patterns of results based on the difference in the characteristics of their patient population and/or processes of care. However, the demographic, morbidity and mortality data of our population are similar to that reported by the United States Renal Data System 1 23 ; major differences, therefore, are unlikely. We focused our analysis on patients being dialysed on the specialised dialysis unit and excluded patients who received in-hospital dialysis in other settings like the ICU; our findings may not be applicable to this latter group. An additional limitation pertains to the possibility that although we captured all the RRS activations on the dialysis unit, there may have been instances where a critical care physician treated a patient but an RRS was not activated. Another limitation is that events may have had nothing to do with the scheduled dialysis treatment since some of these patients may have met RRS activation criteria while on their respective inpatient units or deteriorated en route to the haemodialysis unit. We included these patients in our study group because of the temporal and physical proximity to the dialysis unit; however, they may represent a group of patients whose event had nothing to do with dialysis. For example, the events may be a result of faulty transport processes. We recognise this limitation and feel that our data nevertheless show that dialysis patients are at risk for critical deteriorations and have high in-hospital mortality.
In conclusion, patients with an RRS event on the in-hospital haemodialysis unit had high mortality, and were more likely to die in the hospital if they were older (age $65 years) or had respiratory symptoms triggering the RRS activation. Careful assessment of these high-risk patients before and after transport, to and from the dialysis unit may be warranted.
